The efficacy of antenatal corticosteroid therapy in reducing the incidence of respiratory distress syndrome in twin pregnancy is controversial. The corticosteroid levels achieved with the current regimen might not be high enough to reach both siblings. In singleton fetuses, maternal betamethasone administration causes transient reductions in fetal heart rate (FHR), FHR variability, and body and breathing movements. We performed a prospective study to determine whether there are similar effects of betamethasone on FHR and behavior in preterm twin pregnancy and whether the effects occur similarly in both twin members. Eighteen women who were carrying twins received optimal corticosteroid treatment. Simultaneous recordings were made on twins before (day 0), during (days 1-2), and after (days 3-4) corticosteroid therapy using separate cardiotocography and ultrasound machines. Betamethasone administration was associated with significant transient decreases in basal FHR (day 1), FHR variability (days 2 and 3), and body and breathing movements (day 2). The overall changes in twins were similar to those previously found in singleton pregnancies. There was a high degree of association of response to betamethasone among individual members of twin pairs. The betamethasone-induced effects were unrelated to fetal sex, positioning, chorionicity, and discordance in size, but there was an effect of gestation on FHR. We conclude that the current regimen of antenatal corticosteroids used in preterm twin pregnancies results in observable physiologic and behavioral changes in twin pairs irrespective of their composition. This provides evidence that the achieved betamethasone levels are high enough to reach the compartment of either twin member. Abbreviations AGA, appropriate in size for gestational age FHR, fetal heart rate GA, gestational age GM, generalized fetal body movements LTV, long-term variability SGA, small for gestational age Antenatal corticosteroid therapy is widely used to mature the fetal lung in pregnancies that are likely to end before 34 wk. It reduces the incidence of respiratory distress syndrome and results in an overall improvement in neonatal morbidity and mortality (1,2). However, the beneficial effects of corticosteroids seem to be reserved for preterm singleton gestations, as similar improvements in twin pregnancies have not been demonstrated (2-5), occurred to a lesser extent, or were limited to specific subgroups (5-7). Several factors may account for the putative difference in efficacy of antenatal corticosteroid treatment between twin and singleton pregnancies. It has recently been found that the half-life of betamethasone is shorter and its clearance is greater in twin pregnancy than in singleton pregnancy (8). In addition, women who carry twins have a larger volume of distribution (3, 4) . This raises the question of whether the plasma levels of synthetic corticosteroids that are achieved with the current drug regimen in twin pregnancy are high enough to reach both siblings. Studying the physiologic response to corticosteroids in both fetuses may provide an answer to this question.
Antenatal corticosteroid therapy is widely used to mature the fetal lung in pregnancies that are likely to end before 34 wk. It reduces the incidence of respiratory distress syndrome and results in an overall improvement in neonatal morbidity and mortality (1, 2) . However, the beneficial effects of corticosteroids seem to be reserved for preterm singleton gestations, as similar improvements in twin pregnancies have not been demonstrated (2) (3) (4) (5) , occurred to a lesser extent, or were limited to specific subgroups (5) (6) (7) . Several factors may account for the putative difference in efficacy of antenatal corticosteroid treatment between twin and singleton pregnancies. It has recently been found that the half-life of betamethasone is shorter and its clearance is greater in twin pregnancy than in singleton pregnancy (8) . In addition, women who carry twins have a larger volume of distribution (3, 4) . This raises the question of whether the plasma levels of synthetic corticosteroids that are achieved with the current drug regimen in twin pregnancy are high enough to reach both siblings. Studying the physiologic response to corticosteroids in both fetuses may provide an answer to this question.
In singleton pregnancies, considerable but transient reductions in fetal heart rate (FHR), FHR variability, and movements occur 1-3 d after the first dose of betamethasone (9 -17) . Previous studies have suggested similar reductions to occur in twin pregnancies, but they lack information on twin inter-pair and intra-pair responsiveness to corticosteroids (12) (13) (14) (15) . Dawes et al. (12) reported differential fetal response to dexamethasone exposure in a single case of discordant twin pregnancy complicated by Doppler abnormalities in the smaller fetus. Besides growth discordance, other factors associated with poor outcome of twin pregnancy, including monochorionicity, prematurity (length of gestation), and male sex (the male-male cohabitation in particular) might also affect the fetal response to antenatal corticosteroids (6, 18) . The objective in this study was to investigate whether fetal responsiveness to betamethasone is similar in singleton and twin pregnancies and whether the drug-induced effects are similar in both twin members.
METHODS

Subjects.
We conducted a prospective study of the fetal effects of maternal betamethasone administration in twin pregnancies. The study had local research ethics board approval, and all patients gave informed consent. Eighteen women who were carrying monochorionic (n ϭ 7) or dichorionic (n ϭ 11) twin pregnancies at 26 -32 wk (median, 29 wk) of gestational age (GA) and were at high risk for preterm delivery participated in the study. Maternal age varied between 25 and 41 y (median, 32 y). Twelve women were nulliparous. There were 12 spontaneously conceived pregnancies, and 6 twin pregnancies had resulted from in vitro fertilization. Indications for steroid administration were small for gestational age (SGA; estimated fetal size Ͻ5th percentile) with or without preeclampsia (n ϭ 13), threatened preterm labor (n ϭ 3), placenta previa or other causes of vaginal blood loss (n ϭ 1), or preterm rupture of the membranes without clinical evidence of intrauterine infection (n ϭ 1). Exclusion criteria were cervical dilation Ͼ5 cm, signs of intrauterine infection, or treatment with tocolytic drugs (ritodrine hydrochloride) for Յ5 d from the start of the study. All patients received a full course of steroids defined as two doses of 12 mg of betamethasone i.m. (Celestone Chronodose, Schering-Plough, Weesp, The Netherlands), 24 h apart. Two women received a second course of betamethasone 2 wk later and were included again. All patients were in a stable clinical condition, and medication when used at the start of the study was not changed during the 5 d. The median interval between the start of therapy and delivery was 3 wk (range, 1-7 wk).
Median gestational age at delivery was 31 5/7 weeks (range, 28 1/7 -38 1/7 ); 14 women were delivered by cesarean section. There were seven pairs of male-male twins, six pairs of female-female twins, and five twin pairs of unlike sex, resulting in a total of 19 boys and 17 girls. There were two pregnancies in which one of the fetuses died in utero (at 30 1/7 and 33 3/7 wk GA); fetal death occurred 10 and 24 d after the first dose of betamethasone, respectively. Median birth weight of the live-born infants was 1660 g (range, 650 -2670 g). The intra-pair discrepancy in birth weight was calculated as the difference in weight (largest minus smallest) divided by the weight of the largest infant multiplied by 100. Nine pairs had a birth weight difference of Ͼ20%. SGA was defined as a birth weight at Ͻ10th percentile according to the Dutch birth weight charts adjusted for gestational age, parity, and sex (19) . There were 10 twin pairs in which both fetuses were appropriate in size for gestational age (AGA), 1 pair in which both fetuses were SGA, and 7 pairs in which 1 twin was AGA and the co-twin was SGA; thus, 9 fetuses were SGA. In three of the SGA fetuses, there were Doppler abnormalities defined as absent or reversed end diastolic flow. Vascular anastomoses could be demonstrated in the placentas of three monochorionic twins. Both members of one of these twin pairs died in the first week after birth. All other infants did well in the neonatal period.
The sample size calculation was based on the expected differences in fetal parameters on day 2 of the study that were reported previously to be substantial in singleton pregnancies (10, 11) . At ␣ ϭ 0.05 and a power of 80%, the study required 17 subjects to demonstrate a 15% reduction in heart rate variability, 11 subjects to show a 40% reduction in body movements, and 13 subjects to evaluate a 80% reduction in breathing activity.
Procedure. The study period comprised 5 successive days (days 0 -4). Betamethasone was administered on day 0 after baseline recordings of FHR and movements had been made earlier that day and again 24 h later (day 1). Simultaneous recordings of FHR were made on twins daily using two separate cardiotocograph machines (Hewlett Packard 8040A, Böblingen, Germany) each connected to a computer running the System 8002 program for on-line FHR analysis (Oxford Sonicaid, Chichester, U.K.) (20) . With this program, basal FHR and pulse-interval differences were determined. FHR long-term variability (LTV) was calculated as the average of 1-min pulse-interval differences, whereas FHR short-term variation (STV) was calculated as the average of 1/16 min pulseinterval differences (21) . Decelerations were excluded from analysis. There were 20 complete sets of FHR records; recording lasted for 40 min (median; range, 36 -60 min; n ϭ 100 records). The time of day of recording (between 1000 and 1500 h) was standardized per patient, thus ruling out the possible influence of maternal meals and diurnal rhythms.
In a subgroup of 14 patients, simultaneous recordings of fetal behavior were made on twins on days 0, 2, and 4 of the study period (n ϭ 15 sets of observation as one patient participated twice). Median observation time was 60 min (range, 40 -60 min; n ϭ 45 records). Fetal body and breathing movements were visualized by two observers each studying a particular fetus with the use of real-time ultrasonography. Their position on the patients' left or right side was randomized at the start of each study period and remained unchanged on the following days. Fetal movements were recorded on-line and stored into a computer. Generalized body movements (GM) occurring within 1 s apart were regarded a single burst (9 -11) . Bouts of continuous breathing activity were registered when the intervals between consecutive breaths were Յ6 s. The incidence of these movement patterns was expressed as a percentage of observation time. In addition, profiles of longterm presence or absence of fetal body movements were drawn up using a 3-min moving window procedure (22) . The following parameters of the fetal rest-activity cycle were calculated for each recording: the time spent in quiescence (% incidence) and the longest episode of rest (min). Recordings of FHR and behavior that had been obtained from 63 women who had singleton pregnancies and were at high risk for preterm delivery and received betamethasone between 26 and 34 wk served for comparison (9 -11) .
Statistical analysis. Data are presented as medians (interquartile ranges). Groups were compared using the MannWhitney U test. All fetal parameters had (near) normal distributions. The FHR and movement parameters were analyzed 36 using ANOVA with repeated measures on time (days of study), and the effects of potential covariates (dichotomized) were evaluated. Significant F ratios (p Ͻ 0.05) were followed with post hoc contrast comparisons (Dunnett test). Twin intra-pair relationships were studied by means of Pearson correlation analysis. Statistical analyses were performed using SPSS version 10.1 (SPSS Inc., Chicago, IL, U.S.A.). With all tests, significance was assumed at the level of p Ͻ 0.05 (two-tailed).
RESULTS
For the total group of twins, all fetal parameters showed a significant change during the study period (Table 1) . Betamethasone administration was associated with significant decreases in basal FHR (day 1), LTV (days 2 and 3), short-term variability (day 2), and body and breathing movements (day 2), whereas the fetuses spent more time in quiescence as a result of prolonged episodes of rest (day 2). The overall changes in twins were similar to those previously found in singleton pregnancies (Table 1) . To explore the effects of covariates on the drug-induced changes, we performed analyses on twins considered as individuals (between pairs) and pair-wise.
Comparison of fetal responsiveness to betamethasone between pairs of twins. Repeated measures ANOVA did not reveal any significant main Group effect or time ϫ group interaction for fetal sex (male versus female), positioning (left versus right), chorionicity, and growth discordance (Յ20% versus Ͼ20%). Comparison of fetal responsiveness to betamethasone within pairs of twins. To explore twin intra-pair differences in responsiveness to betamethasone, we plotted for each pair the change in a particular parameter that occurred in the leftpositioned fetus against that of the co-twin on the right side of the uterus. There was a high degree of association of response to betamethasone among individual members of twin pairs. This is shown for the percentage change in FHR on day 1 (R ϭ 0.72, p Ͻ 0.001, n ϭ 20; Fig. 1 ), the percentage changes in LTV on days 2 and 3 (R ϭ 0.63, p ϭ 0.003, and R ϭ 0.69, p ϭ 0.001, n ϭ 20, respectively; Fig. 2) , the percentage change in GM on day 2 (R ϭ 0.62, p ϭ 0.016, n ϭ 15; Fig. 3) , and the absolute changes in fetal quiescence (R ϭ 0.36, p Ͼ 0.05, n ϭ 15) and breathing activity on day 2 (R ϭ 0.72, p ϭ 0.002, n ϭ 15; Fig. 4) . Thus, the response to betamethasone in the one fetus was highly predictive of that in the co-twin. This was independent of gender cohabitation, chorionicity, or cohabitation of appropriately grown fetuses (AGA-AGA) or fetuses discordant in size (SGA-AGA). In addition, the fetuses who were destined subsequently to die (either in utero or after birth) and those with Doppler abnormalities or placental vascular anastomoses showed responses to betamethasone that were indistinguishable among the data points in the scatter diagrams (data not shown).
DISCUSSION
This study demonstrated similar overall responsiveness to maternal betamethasone administration in singleton and twin pregnancies. During drug therapy, we observed transient decreases compared with baseline (day 0) for basal FHR (day 1), FHR variability (days 2 and 3), and body and breathing movements (day 2). The reduction in body movements resulted from a betamethasone-induced effect on the ultradian restactivity cycle as indicated by an increase in fetal quiescence and prolonged episodes of uninterrupted rest (day 2). Both the direction and the magnitude of change in these parameters (Dunnett post hoc test) . The direction and magnitude of change from baseline (% or absolute change) are indicated separately for twin and singleton pregnancies and were tested for significance with the Mann-Whitney U test. IQR, interquartile range.
EFFECTS OF BETAMETHASONE ON FETAL TWINS
("fetal response") were similar to and not significantly different from those previously found in singleton pregnancy (9 -11) .
The mechanisms underlying the effects of betamethasone on the studied fetal parameters are still unclear (11) . The reduction in FHR may be secondary to a betamethasone-induced increase in fetal blood pressure triggered by the baroreceptor reflex. The behavioral effects of betamethasone and its effect on FHR variability might be the result of glucocorticoid receptormediated processes in brainstem nuclei that control the alternation between episodes of fetal rest and activity. Before 34 wk GA, these episodes are already fairly associated with tracings of low and high FHR variability, respectively (23) .
The drug-induced alterations are suggestive of fetal distress and may lead to unnecessary iatrogenic preterm delivery (9) . However, we have previously shown that fetal hypoxia as a result of antenatal corticosteroid treatment is unlikely to occur (24, 25) . Transient reductions in heart rate and GM have also been found in preterm infants with bronchopulmonary dysplasia during the first week of postnatal dexamethasone therapy (26, 27) . Awareness of the possible drug side effects is essential as their occurrence may influence clinical decision making in this group of infants.
Among twin pairs, the responses to betamethasone were generally concordant in either twin member. A concerted response was seen even when the direction of change in a fetal parameter was opposite of that expected (Figs. 1-4 ). There were no evident modifying effects of gender cohabitation (male-male, femalefemale, female-male twins), cohabitation of appropriately grown fetuses or fetuses discordant in size, chorionicity, and the presence of Doppler abnormalities or placental vascular anastomoses. The general finding of a strong intra-pair concordance for betamethasone responsiveness does not support the single observation by Dawes et al. (12) , who reported a differential FHR response to dexamethasone between the AGA fetus and its SGA co-twin of a discordant twin pair.
Unlike the high degree of concordance within twin pairs, the variation in fetal response to betamethasone between twin pairs was considerable. Previous results have indicated no role for maternal age, parity, type of pregnancy (spontaneous versus fertility-assisted), reason for corticosteroid treatment, fetal sex, and growth restriction in determining some of the variation in fetal response among singletons (11) . Our findings in twins are in agreement, although the small numbers of fetuses from some subgroups of twin pregnancies do not permit firm conclusions as yet. However, some evidence was found for gestationdependent effects of betamethasone on FHR (significant) and body movements, as the twin pairs who did not show a decrease in GM had been recorded before 29 wk GA (Fig. 3) . These observations are in line with recent findings in singleton pregnancies in which reductions in basal FHR and body movements occurred almost exclusively when betamethasone was administered at 29 -34 wk GA but not earlier (11) . In the current study, an age-related effect on GM may have gone unnoticed statistically because of small sample size and few recordings made at the extremes of the age range (none were made after 32 wk GA).
A sample of twins allows distinguishing between influences that affect both twins and influences that are unique to either twin member. Twins share the same maternal environment, including disease status, pharmacokinetics of drugs, and GA. Nevertheless, each twin half has its own fetoplacental environment as reflected, for instance, by its birth weight, which may differ substantially within a pair as a result of discordance in placental "sufficiency." We found no evidence of impaired access of betamethasone to the compartment of the smaller compared with the larger fetus of discordant twin pairs. Thus, morphologic and functional factors presumed to underlie placental insufficiency and reduced supply of oxygen and nutrients to the smaller fetus did not seem to affect transplacental passage of betamethasone.
Gestation at betamethasone administration was found to be a factor of some importance in determining the extent of druginduced changes. Both maternal and placental pharmacokinetic properties for betamethasone may depend on gestation, but no one has investigated this (11) . However, there is evidence from animal experiments that age-related effects of corticosteroids are of fetal origin (28, 29) . We therefore recently hypothesized that the differences in response to betamethasone for younger versus older fetuses may relate to ontogenic changes in glucocorticoid receptor maturation, to developmental changes in the cardiovascular and nervous systems, or to a combination of these (11) .
The present findings on twins demonstrated that the use of two doses of 12 mg of betamethasone given 24 h apart generally results in observable changes in fetal physiology and behavior. This occurred similarly in either member of a twin pair irrespective of its composition, indicating that the levels of betamethasone are sufficiently high to reach both twin members and to exert their effects on fetal functioning. Beneficial effects of betamethasone on fetal lung maturation might be anticipated under these circumstances. Our results, although providing indirect evidence, do not support the suggestion made by others that the achieved level of betamethasone is subtherapeutic for lung maturation in twin pregnancy (8) . However, there is evidence from twin studies that corticosteroids effectively reduce the incidence of respiratory distress syndrome in the 28-to 32-but not the 24-to 27-wk GA ranges (6) . These findings also point to developmental changes in the fetus rather than to inefficiency of the current steroid regimen.
There is currently no need to reconsider the total dose, route, timing, and rate of administration for corticosteroids in twin pregnancy, as was previously suggested (2, 4) .
